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Progress Report on the Robert Wood Johnson Research Grant with Emory University 
January 1, 1990 thru December 31, 1990 
The personnel at Georgia Tech have continued their support in this project which investigates 
the fluid mechanics of diseased coronary arteries. Scaled up models of these arteries have been 
examined in more detail, and work on the use of Doppler ultrasound in arterial diagnosis has 
continued. 
The Georgia Tech personnel have assisted in the design and operation of flow models and in the 
collection and processing of data for both in vitro and in vivo studies. They have also assisted in 
the interpretation of signals derived from intraluminal coronary Doppler ultrasound devices. 
Experiments on the branched coronary artery model described in the previous report have been 
expanded upon to control and monitor the background vibrations which can initiate or modify 
turbulent flows. It was shown that these vibrations do affect the turbulent transitions for the 
specific flow field studied here, and the frequencies of vibration that affect the flow were 
characterized. The earlier conclusions about the effect of branching on turbulence were 
verified by these experiments. 
Similar experiments were performed on an asymmetric stenosis model. Again, vibration 
frequencies and conditions for turbulent transition were characterized. The results are of 
interest clinically because of associations between shear stress, which is elevated by 
turbulence, and atherosclerosis, intimal hyperplasia and thrombus formation. 
In vivo and in vitro evaluation experiments have been performed on three intraluminal 
coronary Doppler ultrasound devices. These are: 1) The 20 MHz and Millar Doppler catheter; 
2) The 12.5 MHz Cardiometrics guide wire; and 3) The 20 MHz Numed catheter. Results show 
that the guide wire may have significant advantages over the earlier Millar design for the 
measurements of flow rate, but that numerous problems remain to be solved. The modern 
spectral analysis techniques which have already been examined by Georgia Tech personnel have 
been used extensively in this research. Also, a simulation program which was developed at 
Georgia Tech and which models Doppler quadrature signals has been of use in the interpretation 
of the intraluminal devices. 
This project is an investigation into the fluid mechanics of 
coronary arteries. The fluid mechanical factors involved in 
the genesis, progression, and consequences of coronary artery 
disease are being studied at Georgia Tech through scaled up 
models of coronary arteries. Furthermore, possible techniques 
of coronary diagnosis through Doppler ultrasound are being 
studied. 
The Georgia Tech personnel are involved in this research in 
several aspects. They provide guidance for the design and 
operation of the flow models, they design and implement the 
programs for data collection and processing, they provide 
technical assistance for instrumentation involved in in-vivo 
experiments, and they implement research designed to study the 
effect of signal processing techniques on the Doppler 
ultrasound catheter used in coronary artery diagnosis. 
Flow model studies have centered around a model which 
incorporates the branching structure of the coronary arteries 
into the flow downstream of an occlusion which represents an 
atherosclerotic lesion. Results from this model have shown 
that the relative locations of the lesion and the branches 
affect the location of turbulent transition downstream of the 
stenosis. This in turn can effect the shear stress 
distribution in this region. Since low shear stress has been 
associated with atherosclerosis, this result implies that the 
growth of atheroscerotic lesions will be affected by the 
location of the lesion. Thus the prognosis, and hence the 
recommended treatment, for a patient will depend on this 
location. 
Research with a 20 MHz Doppler ultrasound catheter has shown 
severe limitations to the current design and use of this 
device. It is now clear that this design cannot be used to 
measure flow rate, the ideal measure of arterial patency, in 
the coronary arteries Furthermore, there are difficulties with 
relative indices, such as coronary blood flow reserve (CBFR) 
derived from measurements made with this device. The 
difficulties include the wake downstream of the catheter, the 
difficulty of placing the catheter, and relatively low signal 
to noise ratios. The catheter sample volume is too small to 
obtain a true flow rate, yet too large to measure velocity. 
Studies are underway to determine which of these problems are 
the most limiting. The wake of the catheter has been studied 
in depth through in vitro measurements. It has been shown to 
depress the velocity estimation. This depression depends on 
Reynolds number such that velocities in large Reynolds number 
flows are underestimated to a greater extent than velocities in 
low Reynolds number flows. 
Experiments with modern signal analysis methods on signals from 
the 20 MHz Doppler ultrasound catheter have shown that these 
methods can improve the ability to obtain good velocity 
signals. Velocity estimates showed better accuracy and less 
variability when a maximum likelihood method was used on the 
quadrature signals as opposed to the more traditional Fourier 
method. Autoregressive and maximum likelihood methods also 
provided more stable spectra. These spectra have diagnostic 
potential because they relate directly to the velocity 
profiles. 
